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KINETICS DURING INDUCTION AND PROGRESSION OF SQUAMOUS CELL 
CARCINOMA AS ESTIMATED BY THE DOUBLE-LABELING METHOD 
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The double· labeling method fo r studying cell cycle Kinetics was applied to uninvolved 
epidermis of hairless mice (irradiat ed and uni rradiated), and at various stages of ultraviolet 
light (U VL) · induced squamous cell carcinoma. The growth fract ion (GF) was determin e.d by 
continuous labeling with t.ritiated thymidine (['H JTdR). 
The data indicate that the double·labeling technique is an acceptable method for studying 
cell kinetics in UVL-induced squamous cell carcinoma . The GF in normal epidermis 
(uni rradiated Bnd ir radiated), hyperplasti c epidermis. and lesions of squamous cell carci-
noma is L The duration of cell generation (T, ) and DNA synthesis (T ,) periods decreased 
progress ively with induction and progression of squamous cell carcinoma . For normal 
epidermis (i rradiated mice ) the T, and T. were 91 and 6.3 hr. respectiYel,. . In the hyperplastic 
epidermis. the T (, and T, were reduced to 44 and 4.5 hr. respe<'tiveiy. while even lower values 
were obtained for the tumor (T , ~ 16 hr. T. ~ 3. 1 hrl. The labeling index (Ll) in normal 
epidermis was 7% and increased progressively in hyperplasti c epidermis (10 %) and squamous 
cell carcinoma (19 %1. Epidermal cell differentiation in hyperplastic and tumor tissues 
appears to have been delayed (GF ~ J). s ince cells above the basal layer. which in normal 
epiderm is keratinize. retain the ability to proliferate. as evidenced by extensive incorporation 
of ISH rrdR in these cells. The results suggest thai tumor prod uction is associated with a 
progressive shortening of the cell cycle and delayed keratinization of epidermal cells. 
The labeled mitoses curve is the most frequently 
used method for estimating paramet.ers of the cell 
cycle [1 J. Although this method is simple and 
probably most accurate. it has certain inherent 
limitations. It is laborious and requires multiple 
sampling over a prolonged duration and therefore 
can be applied only to readily available tissues [2J. 
A double· labeling technique, which appears to 
overcome these limitations. was first developed b,\, 
Pilgrim and Maurer [3 J and later modified [4.5 J and 
used by a number of investigators to study cell 
cycle kinetics in normal and tumor tissues 15- 7 ]. 
BrieOy. it involves a pplication of two pulse label · 
ings spea rated by a short interval in one animal. 
and allows estimation of the duration of DNA 
synthesis, labeling index. and cell generation time . 
Results obtained by the double · labeling technique 
have been shown to be comparable with those 
obtained by other con ventional methods [7,8 J. 
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The double- labeling technique seems atlracti \'e 
for a st udy of cell kinetics in tissues that a re not so 
easily available . In the experiments repon ed here, 
the applicability of this technique was examined in 
studies of the cell cycle parameters at various 
stages of ultraviolet light (UVL)· induced squa· 
mous cell carcinoma in hairless mice . The result~ 
obt ai lled were found to be in agreement with those 
obtained by other techniques. They showed that 
DNA synthesis and cell cycle dura tions of the 
epidermal cells were prog:ressively shortened dur-
ing the induction and progression of the tumor. 
MATERIALS A:-.JD METHODS 
Six · to eight-week -old S KH hairless mice weighing 
approximately 18 gm were used . In order to induce 
epidermal lesions. animals were exposed to UVL rad ia· 
tion (300 to 400 nm) from a solar simulator 19 1 deli .... ering 
a surface dose of 200 J. m 2 l2 '" lO ' ergs' mm ~ . I hr 
daily ex posure) daily. 5 days a week for 25 week s_ At the 
end of tbis time. each animal had de .... eloped a number of 
localized les ions ranging from hyperplasia to squamous 
cell carcinoma (Fig. I) . Poss ible errors in the cell kinetic 
studies. due to diurnal va riations. were avoided by 
performing all experimental procedures at the sa me time 
of the day (10. 111. Tritiated thymidine ( I'H rrdR) label · 
log due to DNA repair mechanisms was avoided by 
starting experiments approximately 12 weeks after te rm i-
nation of UVL treatment (12 J. 
Three tumor·bearing animals were injected inLraperi-
toneally (ip) with two I'H rrdR pulses ( I #l Ci and 10 
. Ci /gm body weight, sp act 6.7 Ci /mM) separated by 60 
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fiG . 1. A UVL-treated hairless mouse, showing multi-
ple epidermal lesions. 
min . Any differences in the cell kinetics. between unin-
volved skin from irradiated and unirradiated mice. were 
examined by subjecting two normal animals to double 
labeling with 13H rrdR. Fifteen minutes after the second 
I~H rrdR injection, all mice were killed and the unin-
volved epidermis (i rradiated and unirradistedL hyper-
plastic epidermis. and squamous cell ca rc inoma were 
exciserl and fixed in buffered formal in . The tissues were 
dehydrated and embedded in paraffin . Sect ions 4 JJ thick 
we re covered with diluted (1:11 Koda k NTB2 emulsion. 
Autoradiob'Taphs were exposed for 3 weeks at 4°C. 
developed in Kodak 0 -19. and stained in hemalo>:ylin 
and eosin. 
With the dnuhle- Iabel in~ procedure it is to be expected 
I hal some cells will be labeled by the fi rst pul!.e (lightly 
labeled). some on ly by the se('ond pulse. and still others 
by bOlh IJH rfdR pulses (heavil~ labeled). To distinguish 
between lightly and heavily labeled nuclei. separate 
experiments were performed to determine the distr ibu-
tion of ~Tain:; present on cell:; after );)-min labeling wi th 
light or heavy pulses. Since the rate of DNA synthesis 
and cell generation t.ime may vary at different stages of 
lumor development 113 J. this procedure was repeated for 
uninvolved epidermis (from irrad iated and unirradiat.ed 
mice!. hYI}erpJast ic epidermi~ . and squamous cell caf('i-
noma. There v.as no significant difference in the distribu-
tion of grains for uninvolved epidermis from irrad iBled 
and unirradiated mice_ Por uninvolved epidermis. a cell 
was considered lightly labeled if it had a minimum of 3 and 
a maximum of 10 grains. wh ile all labeled cells with more 
than 10 grains were ('onside red tiS heavily labeled cells. As 
shown in Figure 2. for hyperplasl i(" epidermis and squa-
mous cell ra rcinurn". nuclei with up to 30 and 40 grains, 
respect ively. werE' considered as lightly labeled . 
The numher of lij!;htly labeled ( ~L) and heavily 
labeled (;\' H ) cells was scored by scanning 100 to 500 
labeled cells from each section of normal. hype rplastic 
and tumor tissue . l'hre{> to five sections were analyzed 
from each hiopsy and their mean val ues were taken . Four 
Lo five biopsies were analyzed from each group. From the 
ratio of NH/ NL. the value of T~ for each biopsy was 
calculated (Rela tionship 1). find the mean and 51 anda rd 
devia l ions computed for t'ach trroup: 
where: 
NH 
NL 
T, 
l 
N H/NL < T,lt 16. ,I 
number of heavily labeled cells 
number of lightly labeled cells 
dural ion of DNA syn thesis 
interval between t.he two ,'H n'dR pulses 
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The Tc (cell generation time) is calculated according to 
Relationship 2: 
T, < (T./LJ )G F 
where: 
LI "" labeling index 
GF _ growth fra ction 
The LI was determined by calculating the percentage 
of labeled cells among 1200 to 1500 nuclei from each 
section . The mean and standard deviations were ca lcu-
lated fo r each group. From uninvolved and hyperplasti c 
epidermis. only basal cells were scanned. In squamous 
cen carcinoma, however. abnormal organ ization of lhe 
tissue made it. difficult t.o identify the basal layer cell s 
with accuracy. In the tumor tissue labeling index , NH 
and NL cells were scored without any particular atten-
tion to the basal layer. although these analyses were 
Limited to peripheral cells of tumor nodules. 
The growth fraction (proportion of cells engaged in 
proliferation) in uninvolved hyperplastic and tumor tis-
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FIG . 2. Distribution of gra in counts over nuclei of 
epidermal ce lls at variolls stag:es of VL-induced sQua· 
mous cell carcinoma in hairless mice injected with two 
different doses of IIH )thymidine. \.\lhite blocks indicate 1 
pCi!gm body weig:ht. and shaded blocks indicate 10 
j.l Ci!gm body weight . Arrows indicate t.he upper limit for 
lightly labeled cells in double· labeled tissue: tA) unin · 
valved epidermis. lB) hyperplastic epidermis. (C) SQl1a-
mous cell ca rcinoma. 
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sues was determined by the contitluom;.labeling method 
[14]. Tumor-bearing animals were repeatedly injected 
with I' H TfdR (12 /J Ci!anima1) every 2nd he for 100 hr . 
Two mice were sacrificed at 20. 40. 82. and 100 he after 
the beginning of injection . Tissues were processed for 
autoradiography as described above 
RESULTS 
Induction and progression of squamous cell car· 
cinoma . 'The uninvolved epidermis of irradiated 
mice consists of 2 to 3 layers of cells and the 
underlining basement membrane (Fig. 3). There 
were no apparent histologic differences between 
the uninvolved epidermis of irradiated and unir-
radiated mice. The proliferating cells were essen -
tially localized in the basal layer of epidermis. 
With the induct ion of hyperplasia, which is be-
lieved to be one of the first histologic characteris-
tics of tumor production by UVL. the epidermis 
and the basement membrane increase in thickness. 
At this stage. cells above t he basal layer retain the 
ability to proliferate. si nce a large number of 
labeled cells are present in these layers (Fig. 4 ). 
Continuous growth of the hyperplastic epidermis 
causes breaking of the base ment membrane and 
invasion of connect ive tissue by epidermal cells. 
Finally. with the development of squamous cell 
carcinoma. anaplastic epidermal cells in\'ade the 
connective tissue in all directions. The invading 
epidermal cells multiply at a very rapid rate. as 
indicated by the high LI and a large number of 
mitoses in t.he tumor tissue (Fig. 5L 
GrOU:lh fraction. [f all stem cells of normal 
hyperplastic a nd tumor tissues are proliferat ive. 
then co nt inuous I'H TfdR infusion for a period 
longer than the maximum durat ion of Tc should 
label 1000/, of these cells. On the other hand , if 
there were a subpopul ation in Go (resting phase) 
then only a fraction of cells would incorporate 
['H TfdR after prolonged infusion of isotope. [rra-
diated and unirrad iated animals were given con· 
t inuous label ing treatment. and t issues were fixed 
at various intervals. The results. which are plotted 
in Figure 6. show that the number of labeled cells 
in uninvolved epidermis, from irradiated and unir· 
radiated animals. increased almost linearly and 
rea ched approxim ately 100% at the end of 100 hr of 
[' H ]TdR infusion. This suggests that the GF of 
• 
.. -
FIG. 3. Autoradiograph of normal -looking skin (15 min 
after the second pulse labeling) of UVL-treated hairless 
mice. The labeled cells (arrow) were present only in the 
basal layer ( x 260). 
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FIG. 4. Auto radiograph of UVL· induced hyperplasia in 
hairless mouse epidermis (15 min after the second pulse 
labeling). Note an inc reased number of labeled cells 
which are also present above the basal layer (arrow ) ( x 
260), 
rtG. 5. AUloradiograph of UVL· induced early mali~ ­
nan I epidermal tumor. A large proportion of epidermal 
cells are laheled by this stage (15 min aft er t he second 
pulse labeling) ( , 260) . 
norm al mouse epidermis from irradiated a nd unir-
radiated mice is 1. These dat.a also indicate that 
the maximu m dura tion of T c for uninvolved mouse 
epidermis is less than 100 hou rs. For epidermal 
cells of hyperpl astic a nd tumor tissues. essentially 
100'l! ['H TfdR incorporation levels were attained 
by 40 hr (Fig. 6). indicating that the GF in these 
tissues is also 1. 
Dural ions of T. and T, phases. The Ta ble shows 
that there is no s ign ificant difference in the T" 
values of uninvolved epidermis obtained from 
unirradiated (6.3 hr) or irradiated (6 .2 hrl animals. 
The durat.ion of T jO , however. decreases progres· 
sively in the hyperplastic epidermis (4.5 hr) and 
squamous cell carcinoma (3.1 hrl. 
Whil e there was no difference in LI between 
uninvolved epidermis of unirradiated or irradiated 
mice. the value of LI increased progress ively in the 
hyperplastic and tumor tissues (Tab.). By substi· 
tuting the values of Ll in Relationship 2, the 
durations of T (' for epidermis of uninvolved. hy-
perplastic and tumor tissues were calculated 
(Tab.) . The T< for uninvolved epidermis was ap-
proximately 91 hr, whereas the corresponding 
values were significantly shorter in hyperplast.ic 
epidermis (44 hr) and squamous cell ca rcinoma 
(16 hrl. 
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Determination 0/ T r; in squamous cell carcinoma 
by grain-halving method. T o establish that the 
data obtained by the double-labeling method are 
consisl ent with those obtained by other methods, 
the approximate value of Tc was also determined 
for squamous celi carcinoma by the grain·halving 
method. If t he va lue of T, fo r squamous cell 
carcinoma (16 hr) obtained by the double-labeling 
procedure is correct, then the mean number of 
grains in a nucleus after the initial !'H jTdR pulse 
should reduce to half at the end of the duration of 
the cell cycle. Three mice with multiple tumors 
were injected ip with !'H JTdR (25 !lei / mouse) , 
and one mouse was sacrificed at 2, 10, and 20 hr 
thereafter. Tumors were excised and processed 
for autoradiography. The number of grains in each 
nucleus was counted in a total of 50 to 75 labeled 
nuclei . and their mean values calculated. Figu re 
7 shows that the number of grains does in fact de-
100 
eo 
.. 
;; , 
< 60 
~ 
• 
• D 
" 
-. 40 ~ 
• Q. 
20 
o 20 40 60 80 .00 
Durol lOr" ( nd of exposure 10 3H-lhym'dine 
f' IG. 6. Labeling index in the epidermis of unirradiated 
and lumor-bearing mice at different int ervals after con · 
tinuous exposure t.o [;)H lthymidine. Uninvolved epider. 
mis from un irradiated mice (e ); uninvolved epidermis 
from lurnor· bearing mice (0) : hyperplastic epidermis 
(x ); and squamous cell carcinoma (. ). 
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crease to nearly half at 20 hr afte r injection of the 
I' H JTdR pulse, suggesting that the T, for squa-
mous cell carcinoma is less than 20 hr. The value 
of T , obtai ned by the double-labeli ng method (16 
hr) is consistent with that obtained by the grain-
halving method. 
DISCUSSION 
T his study shows that the double-labeling 
method can provide reliable cell kinetic data in a 
relatively short time, using only a limited number 
of animals. The shorter experimental period is an 
inherent advantage of this technique. s ince higher 
internal rad iation may interfe re with the cellu lar 
physiology and therefore exert some deleterious 
effects 115,16J. The results show that for UVL-
induced squamous cell carcinoma of hairless mice. 
the T~ and Tc decrease progressively with the 
induction and progression of the tumor. 
The double-labeling technique involved two sep-
a rate injections of ['H JTdR in t he same animal. 
the fi rst light pulse followed by a hea\'y pulse after 
a l·hr interval. Labeled cells were identified as 
lightly (NLJ and hea vily labeled (N H). and the T, 
was calculated from Relationship I. The NL cells 
are believed t.o include only those cells that are 
leaving the DNA synthetic phase_ and are labeled 
only by t he fi rst pulse 14 J. Therefore. the accuracy 
of the double-labeling technique is dependent on 
the accu racy with which the two t.ypes of labeled 
cells are identified. In this investigation. the distri-
bution of grains on epidermal cells in the normal 
hyperplastic and tumor tissues was first estab-
I ished after a single injection of light or heavy 
!'H TfdR pulse . These results were then applied to 
determine the NL and NH in the doubly labeled 
tissues . 
However. certain factors which may int roduce 
errors in the final results limit the application of 
this technique. For example, after labeling with 
the heavy ['H JTdR pulse, a fraction of cells will 
also show light labeling. This fraction will include 
those cells which are either at the beginning or at 
the end of DNA synthesis. To distinguish between 
cells labeled with two pulses more effectively , other 
invest igators [4 J have used pulse labelings consiSl-
TABLE. Cell genera tion tim e, S.phase duration, and labeling index in uninvolved epidermis of unirrodiated mice and at 
different stages of UVL·induced tumor production in the hairless mouse 
Uninvolved epidermis 
(unirradiat.ed) 
Uninvolved epidermis 
(irradiated) 
Hyperplasia 
Sq uamous cell 
carcinoma 
a M ± SD = Mean and standard deviation 
Calculated 
duration 
orS ·phase 
thrl 
M :t" SDa 
6.3 ::t:: 1.8 
6.2xO.1 
4.5 ::t: O.} 
3. 1 ± 0. 1 
Ca\Culatt'd 
duration 
ofT~ 
{fir ) 
82 
91 
44 
16 
Label1n~ 
index 
( ~I 
M ::; SD 
8 ,,- 1.2 
7 ", 0.2 
10 '" 2.4 
19 '" 2.4 
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25 
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Time (hr) ofter exposure to 3H-thymidine 
rIG . 7. Mean grain rounts in squamous cell carclOoma 
at different inlervals after [3 H lthvmidine pulse in mice 
with multiple tumors. . 
ing of I'H[fdR and I"CJ thymidine associated 
with double·emulsion autoradiography. This 
method appears to have no advantage O\'er the one 
used in the present study since error!" in grain 
counts may be introduced by facto rs such as 
variations in the thicknes50 of emulsion lavers and 
poo~ .resolu tion in the second emulsion iayer. In 
additiOn. the application of Il~C Jthvmidine is even 
more limiting because the high ene~gy I·C·tJ parti· 
cles may cause excessi\'e radial ion damage to the 
cells and the spi lling of labeling over neighboring 
cells. The overlaping- of cells labeled with light and 
heavy I'H [fdR pulses applied in the present studv 
is relatively small (Fig. 2) and therefore could b~ 
neg-Iected . Moreover. the simplicitv of the double 
I'H JTdR labeling technique over~eighs its small 
inherent limitations even if results of limited 
accuracy are obtained . 
Estimation of T(, of a tissue aecordin O' to Rela· 
t ionship 2 depends also on the correct v;!ue of its 
growt h [ract ion. since it may contain not only 
continuously dividing cells but also Gn cells. which 
normally divide only after a suitable stimulus. If 
the value of the GF is too high then the T is 
overestimated. whereas if the GF \-alue is too low 
then the Tr is underestimated. In this investiO'a· 
tion, the GF for uninvolved and hyperpla;'ic 
epidermis and squamous ce ll carci noma were de-
term ined by the continuous-labeling technique. 
All basal cells of normal or abnormal epidermis 
of hairless mice were proliferative (GF "'- L) since 
100% of basal cells incorporated the label ~fter a 
prolonged exposure to I'H JTdR. 
The cell kinetic data obtained in the present 
study by double labeling are in agreement with the 
data obtained by other methods. For the basal cell 
layer of normal mouse epidermis. Hegazy and 
Fowlert estimated, from the fraction of labeled 
. t Hegazy MAH . Fowler JF: Proliferation charactcris· 
tics of plucked and unplucked mouse skin . Proceedings of 
Vol. 66, No.4 
mitoses, a T , value of 100 hr. A cell cycle time 
between 96 and 120 hr has been reported by other 
Investigators 117- 20J. The T. for basal cells of 
normal mouse epidermis report.edly lies between 6 
and 8.5 hr 117,18,20J. The values of T, and T . for 
normal epiderm is of hairless mouse obtained in 
this investigation were 81 to 91 hr and 6.2 to 6.3 hr. 
respectively . Comparable cell cycle data for vari-
ous stages of UVL·induced tumor are not availa· 
ble, although T, and T. were shown to decrease 
progressively with the induction and progression of 
other tumors 113 J. 
Based on the cell cycle data. it has been pro-
posed repeatedly that neoplast ic growth may 
be caused by a local increase in the rate of cellular 
proliferation andlor increase in GF 121 - 23 J. Reis-
kin and Berry 113 J investigated 9. IO-dimethyl-j -2-
benzanthracene·induced squamous cell carcinoma 
in the hamster cheek pouch. and they reported 
that the T, of epithelia) cells decreased pro~res­
slvel~' 111 hyperplastic and tumor tissues. the 
shorter T(, being associated with simultaneous 
reductions of the Tit phase as well as the G I and Gz 
phases. Similar results were obtained in this inves-
tigation of UVL-induced epide rmal tumors in hair-
less mice. The calculated values of Tt; in UVL· 
treated mouse epidermis were pro~ressively short-
ened in hyperplasl ic and tumor cells. The T,. phase 
du.rat ion. decreases sig-nificantly in the hyperplast ic 
epidermiS and continues to decrease in the non-
malignant and malignant stages of tumor growth . 
The GF in hairless mouse epidermis at all stages of 
tumor induction and progression was found to be I. 
In a number of' tissues. it has been dernonstraled 
that the rate of prolife ration in the neoplastic 
tis~ue is. in fact. lower or unchanged as compared 
to Its normal counterpart l7 J. Tumor growth I here-
fore may be associated also with an imhalance 
between cell production and cell loss. Such an 
imbalance could occur when a daughter cell. in · 
stead of migrat ing to differentiate. remains prolir-
erat ~ve. the:eb~' inc:easing the progenitor ('ell pop-
ulation. ThiS slIuation appears La prevail in UVL-
induced squamous cell ca rcinoma of the hairless 
mice. The normal mouse epidermis is in a steady 
state of cell proliferation. and only the basal laver 
cells divide. In the hyperplast ic epidermis of U\'L-
treated mice. however. cells above the basal la\'er 
retain the ability to divide. sin('e large numbers of 
I'H JTdR-labeled cells and mitotic cells were 
present in these layers. This condition was even 
more prevalent in the tumor tissue. suggesting that 
delayed differentiation of epidermal cells is assm:i-
ated with the induction and progression of UVL-
induced sq uamous ce ll carcinoma of hairless mice. 
The double-labeling technique appears (0 be an 
acc~ptable method for . determining T" and Tc at 
vanous stages of UVL-Illduced squamous cell car· 
cinoma of hairless mice. The results obtained 
the Fourth International Congre~s on Radiation Re · 
search. 1970, Abstract 370. 
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strongly suggest that UVL-induced epidermal hy-
perplasia and squamous cell carcinoma in hairless 
mice are associated with the progressive increase in 
the rate of cellular proliferation andlor decreased 
cell loss . 
1 wish to thank Dr. P . Forbes of the Skin and Cancer 
Hospital for supplying t.h e tLimor-bearin~ mice. 
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